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Presently the double pulsar allows for the measurement of six post-Keplerian parameters.
In addition, its double-line nature gives access to the projected semi-major axes of both
orbits. We use this wealth of information to pose some very general restrictions on a
wide class of conservative and semi-conservative theories of gravity.
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Among the most well-known uses of pulsars has been their role in tests of theories
of gravity, in particular in the experimental verification of general relativity (GR).1
In 2003 a binary system was discovered where both members were identified as
radio pulsars.2,3 Both pulsars, now known as PSR J0737–3039A (23ms) and PSR
J0737–3039B (2.8 s), A and B hereafter, orbit each other in 2.45 hours in a slightly
eccentric orbit. As a result, the system is not only the first and, thus far, only double
neutron star system where both neutron stars are visible as active radio pulsars,
but it is also the most relativistic binary pulsar known to date. By measuring the
radial motion of the two pulsars, we obtain a precise measurement of the mass
ratio mA/mB.
4 In addition, a total of six post-Keplerian (PK) parameters has been
measured. Five arise from four different relativistic effects visible in pulsar timing
(Ref. 5), while a sixth one can be determined from the effects of geodetic precession
on the observed radio eclipses (Ref. 6). The measurement of the mass ratio and six
PK parameters, including the relativistic spin precession of B, makes the double
pulsar (DP) the most constrained binary pulsar known. This allows for much more
general statements about alternative theories of gravity than it has been possible
before the discovery of this system.
Testing conservative theories of gravity
Will (Ref. 7) and Damour and Taylor (Ref. 8) have generalized the Lagrangian of the
post-Newtonian orbital dynamics to the strong-field regime, for fully conservative
theories of gravity. Therein, strong-field effects (SFEs) in the orbital motion of a
binary system that consists of two compact bodies are accounted for by three SFE
parameters: G (effective gravitational constant), ε, and ξ. Possible SFEs in the
spin–orbit interaction are described by two coupling functions ΓB
A
and ΓA
B
.8
In GR G = G, ε = 3, ξ = 1, and ΓB
A
= ΓA
B
= 2G. In alternative theories of
gravity these quantities are functions of the parameters of the theory and of the
structure of each body. For neutron stars these parameters can deviate significantly
from their values in GR, even if their weak-field limit agrees with GR.7,9
The fact that in any Lorentz-invariant theory of gravity the DP gives access to
the mass ratio through its ‘double-line’ nature (Ref. 4) and the inclination of the
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orbit with respect to the line of sight via the shape of the Shapiro delay (Refs. 7,8),
allows us to determine theory independent values for the effective gravitating masses
of the system: GmA = 1.339± 0.003GM⊙ and GmB = 1.250 ± 0.002GM⊙, where
M⊙ is the mass of the Sun.
10
Since the PK parameters of the Damour–Deruelle timing model can be expressed
as a function of the Keplerian parameters, the effective gravitating masses, and the
SFE parameters (Ref. 8), we can use the measured PK parameters to generically
constrain the SFE parameters for the DP system:10
ω˙ ⇒ 2ε− ξ = 4.998± 0.008 [0.2%]
γ ⇒ GB0/G +K
B
A
= 1.005± 0.010 [1.0%]
r ⇒ (GB0/G)(εB0 + 1) = 4.04± 0.22 [5.4%]
ΩB ⇒ Γ
A
B
/G = 1.88± 0.26 [13%]
which is in full agreement with GR. Index B0 indicates the SFE parameter for
the interaction between the compact body B and a photon. The parameter KB
A
accounts for a possible change of the moment of inertia of pulsar A due to the
changing distance to the compact companion B. This parameter is zero in GR.
We would like to emphasize that currently the DP is the only system that allows
for the test of the effacement property of a spinning body, i.e. the fact that the
spin-precession of a body does not depend on its internal structure (up to a certain
post-Newtonian level).11–13
Testing preferred-frame effects
The generic tests of the previous section can be extended to semi-conservative grav-
ity theories, i.e. the DP can even be used to derive general restrictions on theories in
which gravity is not boost invariant. Such theories predict that the Universe’s global
matter distribution selects a preferred rest frame for local gravitational physics. A
binary pulsar that moves with respect to this preferred frame would show charac-
teristic variations in the eccentricity and orientation of its orbit, which can be used
to test strong-field preferred-frame effects (PFEs).14
The existence of a preferred frame for gravity would lead to a characteristic
signature in the timing data of the DP, as PFEs impose periodic changes on the
orbital parameters with periods of 21.30 and 10.65 years.15 Therefore the DP has the
potential to uniquely identify PFEs, if present at a measurable level. Moreover, in
the absence of PFEs the DP can be used to determine limits for the strong-field PFE
parameters α∗1 and α
∗
2, corresponding to the 21.30 and 10.65 year period respectively,
for nearly any direction in the sky. Using the published timing data (Ref. 5), one
finds for a preferred frame at rest with respect to the cosmic microwave background:a
−0.3 < α∗1 < 0.2, −0.6 < α
∗
2 < 0.3. These limits are clearly less stringent than
present limits for α∗1 from small-eccentricity binary pulsars.
14,16 However, these
aHere we assume that the kinetic PFE parameters are equal to one, as in GR. Limits for the full
PFE parameters, including the kinetic contributions, can be found in Ref. 15.
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results are based on timing observations which span only a small fraction of the PFE
periods given above, and therefore show very strong correlations between the PFE
amplitudes and other orbital parameters. Simulations show that these correlations
will reduce considerably once the advance of periastron approaches 180◦. Hence,
an analysis including all the new data is expected to provide limits that are better
by about three orders of magnitude. Furthermore, we would like to emphasize that
preferred-frame tests with the DP are qualitatively different from those in pulsar
white-dwarf binaries, since it probes effects that are only present in the interaction
of two compact bodies.7,15,17
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